Abstract-The experimental tests, carried out on the reinforced concrete walls under a horizontal, a cyclic and a seismic loading, have all shown that these RC walls have a more performing behavior when the steel bars are placed according to the direction of the principal stresses. However, these principal stresses are directly connected to an angle of inclination which is often to seek. The intent of this study; is to find the most possible adequate angle of inclination of the diagonal bars in order to improve the mechanical performance of the squat RC walls and also to evaluate the contribution of the diagonal web reinforcement comparing to the conventional web reinforcement. For that, we used a local approach by modeling reinforced concrete walls in 3D requested under a horizontal loading. The numerical model used for the modeling of the concrete is the damageable elastic-plastic model of ABAQUS which makes it possible to visualize the damage at the local level and to determine the mode of rupture. On the other hand, for the bars of steel an elastic-plastic model is used. The results of the simulation in terms of damage, stress and deformation are collected and they put forward the mechanical performance of the reinforcement following the direction of the principal stresses compared to the traditional reinforcement.
I. INTRODUCTION
RC walls can be divided into three groups based on the ratio of height to width. When the height to width ratio is greater than 2.0, they are called slender RC walls; when the height to width ratio is less than 1.0, they are called squat RC walls; when the height to width ratio is between 1.0 and 2.0, they are called medium slender RC walls.
For slender RC walls, the failure is mainly governed by flexure. In contrast, for squat RC walls, the failure is essentially governed by shear. For medium slender walls, the failure is governed by both flexure and shear. The stiffness characteristics and shear strength of RC walls have been investigated during the 1990s [1] - [5] . In the past 20 years, attention has been given to the seismic behavior of reinforced concrete walls. Strength, ductility characteristic and energy dissipation aspects of shear walls under earthquake have been studied [6] - [9] . Test results show that the conventional squat RC walls have less ductility and lower energy dissipation, which can be observed as "pinching effect" in the hysteretic response of RC walls.
The reason why the conventional squat RC walls do not
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exhibit satisfactory ductility is that there is an angle between the orientations of steel bars and the principal direction of applied stresses on RC walls; therefore the capacity of steel bars cannot be fully utilized. Test results conducted by the University of Houston [10] - [12] . Show that the effect of the steel grid orientation plays an important role in the shear stress/shear strain relationships of reinforced concrete panels and walls. Both the energy dissipation capacity and the ductility are greater when steel bars are in the principal direction of the applied stresses.
However, due to the financial and the time reason, experiment results are not enough. Finite element method supplied a new way to study RC walls by computer, which can help the researcher to analyze and complete the experimental results and have a better understanding of it.
In order to improve the mechanical behavior of squat RC walls under lateral loading, RC walls of high performance are proposed having steel bars in the principal direction of applied stresses. This paper presents the simulation results from lateral loading test on the six (06) squat RC walls. It is found that the mechanical performance of squat RC walls can significantly be improved when steel bars are provided in the principal direction of applied stresses.
II. TEST PROGRAM
The simulation which we will lead will highlight the contribution of the diagonal web reinforcement on the squat RC walls compared to the conventional reinforcement. The six squat RC walls were tested under the same horizontal loading. The height, length and width of the designed RC walls are 1.0m, 1.25m and 0.15m respectively for six models ( Fig. 1 (a) ). The first model (CM: conventional model) characterized by conventional reinforcement (horizontal and vertical web reinforcement) ( Fig. 1 (b) ). The six others model (DM: diagonal model 30°, 35°, 40°,45°,50°) characterized by diagonal reinforcement, where the steel bars are provided in the direction of 30°,35°,40°,45°50° degrees to the horizontal ( Fig. 1 (c) ). The same quantity of steel bars is used in the six (06) specimens to highlight the contribution of the diagonal web reinforcement compared to the classical reinforcement.
III. FINITE ELEMENT MODEL
The mesh for the concrete wall is the same in both cases and linear solid elements (HEX8, ABAQUS elements C3D8/C3D8R, Lagrangian formulation) are used. The solid elements have a dimension of approximately 1.5 cm in all three directions in space, making the mesh of the concrete wall extremely fine. The reinforcement of the concrete wall is 
IV. MATERIAL MODEL FOR CONCRETE
The mechanical behavior of this material is much more complicated than that of the steel due to different response in compression and tension and non-linear stress-strain laws with hardening and softening branches. Failure criteria are also much more subtle than those of steel and its numerical implementation is rather cumbersome [13] . An elasto-plastic damage model is used to describe the nonlinear material properties of concrete [14] . It bases on the classical continuum damage theory [15] . The model was developed by Lubliner and al, Onate and al [16] , [17] and elaborated by Lee and Fenves [18] . This model provides a general capability for the analysis of concrete structures under static or dynamic and cyclic or monotonic loading [13] , [19] .
A. Basic Equation
Starting from an additive strain rate decomposition in elastic and plastic parts. ( )
It represents a surface in the effective stress space and depends on two hardening variables ε t pl , ε c pl , the hydrostatic pressure ( )
where the two functions s t , s c add in stiffness effects arising from closing and reopening of cracks. A complete recovery of stiffness is assumed for crack closing and a partial transference of damage dc takes place in cases of load cycles from compression to tension (factor ½). 
B. Material Equations and Parameters
The relation between the uniaxial stress, dented by x σ and the corresponding scalar plastic, denoted by p ε , is assumed as [18] .
where 0 x f the initial yields stress, defined as the maximum stress without damage, a x and b x are two parameters determined so that this curve reproduces the response of the material. The softening behavior induces a significant numerical finite element, and in order to maintain objectivity vis-à-vis the size of the finite element Hillerborg method [20] was chosen. In this approach, the evolution law of the stress in steady softening depends on the size of the finite element. The dissipated energy at cracking is then kept constant when the size of the elements changes by refining the mesh. The energy density of cracking g fx is related to the energy of cracking G fx by the following equation [18] , [21] . 
C. Material Model for Steel Bars
The constitutive behavior of steel is modeled using an elastic plastic model. The parameters used to define this model are elastic modulus E, yield stress, σ y , plastic stress, σ u and Poisson's ratio, υ. the values of these parameters are: E = 210GPa, υ = 0.3, σy = 348Mpa, σu = 527Mpa.
V. RESULTS AND DISCUSSIONS
The finite element model used in this study is capable of predicting the experimental behavior of the specimens when these are subjected to a monotonic horizontal load compared to [6] , [12] , [22] , [23] . Therefore, the behavior of RC squat walls are discussed in detail based on the numerical results.
A. Global Comparison of Damages
It is noted that the classical model squat RC wall (CM) is strongly damaged; whether it is at the base or overall in the web. We note a rupture by sliding shear at the bottom, Characterized by the horizontal crack at the base of the wall (Fig. 4 CM) . This one is obtained by progressive plasticization of the vertical reinforcements under the action of bending and shearing. The web of the squat RC wall becomes deformed in rhombus generating a rupture by shearing action, illustrated by the cracking of the concrete in diagonal (the diagonal "red" bands. Fig. 5 CM) and by plasticization of the reinforcements along the crack. A rupture by shearing action in the concrete of the web of the conventional model (CM) is produced by the crushing of the concrete following the struts of compression (Fig. 4 CM) which transmit the efforts to the base. Fig. 4 and Fig. 5 show that the behavior of squat RC walls is more efficient under lateral loading, when the steel bars are placed diagonally. All lateral force in walls with conventional web reinforcement must be transferred through the concrete by compressive and tensile struts and aggregate interlock and by dowel action in the reinforcement at the base of the walls. Web crushing failures occur when the compressive stress exceeds the average compressive strength of the concrete in the strut. The diagonal web reinforcement helps transfer part of shear force directly to the foundation by tension in the web reinforcement. As a result, the shear force carried by the compressive and tensile struts is reduced.
In all five models with diagonal reinforcement, we found that the model at 50 ° (DM50 °) gives the most satisfactory result compared to other models (° DM30, DM35 , DM40°, DM40°, MD50 °), this means that 50 ° is the most efficient angle for a direct transfer of part of the shear stress in the case of the geometric shape of the considered element. 
B. Displacement Results
The load-displacement curve confirms the damage recorded on different models, in that the diagonal reinforcement incorporation has improved the behavior of elements. A gain of 11% to 25% of load is noted for the same quantity of reinforcement. 
C. Comparison of Stresses in Five Models with Diagonal Reinforcement
The load-stress curves in the concrete elements for the five models with the diagonal reinforcement are compared in Fig.  7 . We found that for a load smaller than 400KN, stresses increase uniformly, beyond which begins a redistribution of efforts through the diagonal direction and therefore the increase of stress varies from one model to another. The values of the stresses in the tilted steel bars are insignificant to a value of around 400[KN] beyond which the charges transfer along the diagonal direction begins. Therefore the cracks appear following this direction. The reinforcements are arranged at an angle of 30 ° to 50 °. We note that the model MD50 is the most effective, because the diagonal reinforcements work efficiently and thus the concrete elements are relieved involving a reduction of stresses in concrete rods compared to other models.
The load-stress development curves for the reinforcement element of all the diagonal models specimen based on the finite element model results are compared in Fig. 8 . It can be seen that stresses in steel truss are small when walls began to undergo a top horizontal load. At that moment there was no diagonal crack in web concrete and most of the loads were supported by the concrete. At the load level of about 400 KN, diagonal cracks appeared in the web concrete and stress redistribution took place between the concrete and the reinforcements, which was represented as the abrupt increase of stress in steel. 
VI. CONCLUSION
The finite element model of the six squat RC walls in this study can provide a wide range of information that are useful for the study of the behavior of squat reinforced concrete walls. The Finite element model in this study has supplied a new way of studying reinforced concrete walls by computer, which will help the researcher to have a better understanding of it.
For a same quantity of reinforcement, the numerical results in this study indicate that, diagonal web reinforcement is effective in transferring the shear force to the foundation and the shear forces carried by the compressive and the tensile struts are evidently reduced comparing to the classical web reinforcement.
The comparison of the five models under a diagonal reinforcement shows that 50° is the most performing angle to transmit the shearing forces more directly to the foundation. This implies that 50° is the nearest direction of the principal stresses developed.
It should be noted that 50° is the most performing angle, only in the case of the geometry considered in this study in which the height-width ratio equalizes to 0.8
